Abstract-Due to the vitality of the SPWM technique in industry of the power conversion devices, this paper suggests a new harmonic distortion minimization technique so far called multitone SPWM. This proposed technique aims to inject the modulating waveform with a high frequency component at the low voltage regions (edges of the waveform) to increase number of switching pulses at these regions and hence increase power content of the fundamental component of the output spectrum based on a power redistribution concept. Optimization process was accomplished on the technique key parameters and a considerable of a 21% reduction was achieved in THD% compared with the traditional unipolar SPWM technique.
INTRODUCTION
In most industrial DC-to-AC applications such as inverters and uninterruptable power supplies, the traditional natural Sinusoidal Pulse Width Modulation SPWM is the main technique involved in such power conversion used in wide range of industrial application where power switching converter are employed [1, 2] . Figure 1 shows a typical power circuit diagram used for producing a PWM output waveform from a DC source of power. The circuit named as a full bridge inverter and is used for producing both the Bipolar and Unipolar types of SPWM.
FIGURE I. FULL BRIDGE INVERTER CIRCUIT
The circuit is also called H-Bridge as the load is forming (H) letter together with the four switches. Feedback diodes are provided with each switch and DC sources is applied as the main voltage source to the H-Bridge. Positive output voltage may be obtained by switching ON SW1 and SW4 while a negative output voltage is obtained by turning ON SW2 and SW3.
The popularity of using PWM might be summarized in the following listed features [3, 4] .
Due to nature of switching and the fact that switches have reduced switching time and hence reducing power losses.
PWM generation considered easy to generate practically either by analogue or digital circuits.
On the other hand, PWM generation is desired to own the following privileges [5, 6, and 7] .
Good utilization of DC power source. Linear output voltage control. Low switching losses. Low amplitudes for the low frequency harmonics compared with the fundamental component leading to reduced total harmonic distortion.
II. BIPOLAR AND UNIPOLAR SPWM GENERATION
The generation of a Bipolar SPWM may be explained regarding Figure 2 , where two waveforms are used for the process. The first one with lower frequency is called the modulating or reference waveform Vref (sinusoidal waveform) and the second one with much higher frequency is called the carrier Vcr (triangular) waveform. The comparison of the two waveforms will result in either positive or negative DC voltage output and for that reason the process is called Bipolar [8] .
FIGURE II. BIPOLAR SPWM GENERATION WAVEFORMS
Moreover, the generation of the Unipolar SPWM normally requires two sinusoidal (reference) waveforms with same magnitude and frequency but with 180 degree out of phase relation. These two reference waveforms are to be compared with one carrier (triangular) waveform resulting in output of either zero or positive DC voltage and hence the term bipolar rises. Figure 3 shows the unipolar waveform relations and output generation. As a comparison the Unipolar SPWM offers reduced switching losses and generate less EMI [9] . 
III. PROPOSED MT-SPWM TECHNIQUE
The new SPWM technique proposed in this paper suggests that the modulating (reference) waveform is no longer of one tone frequency. This reference waveform will be composed of two components of sinusoidal frequencies represented by the low frequency (basic frequency) and high frequency (frequency modulated of basic frequency). Figure 4 shows one case of the proposed MT-SPWM technique and how it is possible to generate SPWM with multi-tone modulating reference waveform. The desired frequency of the output waveform was set as f=50 Hz (may be set to 60 Hz as well) which represent the basic reference frequency of waveform (Vref2). The value of output period time is denoted as (T) and it is the reciprocal value of the desired frequency (f).
FIGURE IV. UNIPOLAR PROPOSED MT-SPWM GENERATION WAVEFORMS FOR K=2
Moreover defining the new effective parameter (Wm) as the high frequency time window where the Frequency multiplication takes place at the reference waveform converting the basic reference waveform from Vref2 to Vref1 of higher frequency. The relation between these two reference waveforms Vref1 and Vref2 is that Vref 2 has a higher frequency than Vref2 and as follows:
where V1 and V2 are amplitudes of Vref1(t) and Vref2(t) respectively and (k) is the frequency multiplier factor. These two reference waveforms represent together the reference waveform of the new technique SPWM where (k) and (Wm) are the performance effective key parameters. The aim from such modification in modulating reference waveform from single to multi-tone is to increase the power of the fundamental component at the low frequency edges of the waveform.
IV. MATHEMATICAL MODELLING
In order to perform an optimization process on the performance key parameters of the new multi-tone proposed technique, it is necessary to represent the waveforms depicted in Figure 4 using a mathematical equations and as follows:
The carrier (triangular) waveform shown in Figure 4 may be derived and described by the following equation;
where (Ts) is the triangular waveform Period and (N) is the number of triangular cycles within the period T and it may be represented as; 
Also the modulating (reference) waveform may also be derived using a segmentation method to reflect the effect of frequency multiplication factor (k) and the high frequency time window (Wm) to be as follows;
Finally and according to the two formulas depicted by (3) and (4), a comparison process may results in producing the required output PWM waveform as;
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V. MT-SPWM KEY PARAMETERS OPTIMIZATION
The optimization process here aims to find the optimum values for the four key parameters involved in the proposed technique (V1, V2, k, and Wm) that should results in a minimum percentage Total Harmonic Distortion THD% of the frequency spectrum of the unfiltered output waveform. The definition of the well-known THD% criterion is as follows; 2 n n 2 2 1 C THD% X 100 C     (6) where (Cn) is the nth harmonic component and (C1) is the first harmonic frequency component (fundamental) in the frequency spectrum. Although the evaluation of the standard IEEE THD% depends on the application type, it is still an issue to decide which harmonic criterion to use. However a more general evaluation equation will be considered in this paper represented by (6) and measurement results is evaluated under the IEEE recommended Practice and Requirements for harmonic control in electric power systems [10, 11] .
Initially V1 and V2 will be set to unity and a MATLAB program was written for optimizing the common effect of both k and Wm on the THD%. Figure 5 shows a 3-dimensional graph reflecting the effect of changing k from value of 1 to 3 in a 0.1 step of change, and changing Wm from (T/10) to (T/2) with T=20 msec in a decreasing step of change. Moreover, Figure 6 shows a more clear view of the region where a minimum THD% is occurring through a two dimensional graph where it can be deduced from both graphs together with the results obtained from the optimizing written program that the minimum THD% may be obtained by tuning k to value of (2) and using a high frequency time window (Wm) equal to one sixth of desired basic reference period (T/6). Globally, such parameters tuning as resulted by the optimization process will result in a considerable minimization in THD% of the unfiltered output waveform from 48.5% of the traditional unipolar SPWM to 38% for the proposed new MT-SPWM technique. Although the amplitudes V1 and V2 of the multi-tone reference waveform have been involved in the optimization process, it has been found that these parameters have a minor ffect on THD%.
VI. MT-SPWM POWER RE-DISTRIBUTION EFFECT
After new approach parameters were optimized for minimum THD%, it is worth to demonstrate the power redistribution effect of the technique on the frequency spectrum of the unfiltered output waveform. Fourier's coefficients were calculated for the unfiltered output waveform with normalized unity amplitudes and 400 harmonic components were taken in consideration to show a wider spectrum. Figure 7 shows a comparison of two frequency spectrum figures for both the traditional and the MT-SPWM techniques with carrier frequency of 4kHz and a 50 Hz desired output frequency. The application of the new technique managed to redistribute power from the high frequency switching components to the low frequency components resulting in a boosted fundamental component. However, such power redistribution process also results in the appearance of a very low frequency component which, regardless of having small attenuation, it still considered as a consequence of such process.
VII. CONCLUSIONS
The new technique proposed is a trend to reduce the harmonic distortion of the frequency spectrum of the wellknown SPWM technique. Applying the multi-tone SPWM new technique requires no additional hardware and only the modulating waveform generation part will be modified as a
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control strategy as it was explained in this paper. This makes the new technique feasible and easy to apply which as per the analysis and simulation results took over in this paper, will offer about 21% reduction in THD% compared to the traditional SPWM. Such reduction will occur by setting specific values for the frequency factor and the time window of the high frequency segment of the modulating signal as it was revealed by the optimization process carried out in this paper.
